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Polymers are molecules made of covalently bonded elementary units, called
macromolecules. The main concepts of polymer science can be dated back to the work
by Flory on swelling a single chain in good solvent, the work of Huggins and Flory on
thermodynamics and so on. The main principles of polymer physics later on included
the Edwards model of the polymer chain, and the reptation theory of chain diffusion
developed by de Gennes. Many research of polymers for which our understanding is
still continuing. The polymer crystallization, charged polymers and polymer brush are
some of the most active research subfields in polymer physics, which have extensive
applications in biological and medicine.
In this thesis, molecular dynamics simulation is performed to study the linear poly-
mer brush, ring polymer brush and polyelectrolyte brush. The main research contents
are organized as follows:
In Chapter 1, the brief research backgrounds and basic theories are introduced
which include Flory theory, analytical self-consistent field theory, numerical self-
consistent field theory, computer simulations and so on.
In Chapter 2, the self-consistent field theory(SCF) for linear polymer brush pro-
posed by Biesheuvel et al. is reviewed. The profiles for monomer distribution by
molecular dynamics (MD) simulation and SCF calculation are compared. MD and
SCF agree with each other very well in high grafting density regime, in terms of both
monomer density and free end density distribution. Varying the grafting density, the
chain length, the simulations for linear polymer brush and ring polymer brush are car-
ried out. We obtain the density profiles of monomers, study the structural properties
of the chain(radius of gyraiton, bond orientational parameters, etc) and also present the
dynamic characteristics such as chain energy and bond force.
In Chapter 3, molecular dynamics simulations are carried out to study ful-
ly charged polyelectrolyte brushes with salt, and compared with an off-lattice self-
consistent field theory proposed by Biesheuvel et al. with finite stretching and volume
effects taken into account. The SCF approach is able to reproduce the brush heights
at different grafting densities, salt concentrations, and chain lengths at a semiquantita-
tive level. At high grafting densities, the density profiles obtained with both techniques
exhibit a particularly close agreement, while at low densities systematic deviations be-
tween their shapes are observed. The approximation of local electroneutrality, on which














and limitations of the SCF model are analyzed in detail. The MD simulations of poly-
electrolyte brushes under different salt concentrations are carried out using the Debye
approximation with implicit salts. The efficiency of the Debye approximation is veri-
fied through a comparisons with explicit salt simulation on monomer distribution and
local electroneutrality. Further on, we develop an improved Flory-type mean-field mod-
el, based on the original argument by Pincus, but taking into account both the excluded
volume and finite extensibility of chains. The brush height as a function of grafting
density is investigated, and the efficiency of these models are analyzed.
In Chapter 4, the investigation on adsorption of proteins on a polyelectrolyte brush
is presented. The main experiment and theory on brush adsorption are given, and the
thermodynamic integration is introduced to measure the free energy in MD simulation.
The three main mechanisms to explain the adsorption, namely the charge reversal, the
counterion evaporation and the counterion release are discussed, in which the counte-
rion release mechanism proposed by Leermakers et al. is the point we aimed to prove.
At the moment the salt concentration effect on adsorption is the only conclusion we can
draw, and more quantitative research works are needed. In the future work, we want
to study the free energy change after adsorption in order to understand the entropy as
a driving force. The effects on adsorption caused by grafting density, protein charge
density and protein charge distribution are also our important future work.
In the last chapter, the conclusions are summarized and the prospective of the
present research is reviewed briefly.
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